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assay, we observed an unexpected interaction between TCF4 and p65,
suggesting that this signaling cross-talk might be responsible for the
increase in MMP expression. Finally we showed that overexpression of
TCF4 induced chondrocyte apoptosis and that TCF4 mRNA expression
was elevated in OA cartilage compared to healthy cartilage.
Conclusions: Our ﬁndings suggest that increased TCF4 expression may
contribute to cartilage degeneration in OA by augmenting NF-kB
signaling. Therefore, targeting TCF4 activity or expression might be
a promising avenue for the treatment of degenerative cartilage disease.Figure 1. Effects of TCF4/LEF members on MMP mRNA expression: Human primary
chondrocytes were infected with adenoviruses expressing GFP, TCF4 and LEF1. MMP
mRNA expression was measured by qPCR.
Figure 2. TCF4 induced NF-kB target gene IL6 mRNA expression by potentiating
NF-kB signaling: Human primary chondrocytes were infected with adenoviruses
expressing GFP, TCF4 and I kB-a and stimulated with IL1-b. IL-6 mRNA expression was
measured by qPCR.
Figure 1. ANIMO model of growth plate chondrocytes. Colors depict relative activity
of the nodes.219
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Purpose: Cartilage homeostasis relies on an intricate balance between
anabolic and catabolic processes. In osteoarthritis this balance is shiftedtowards catabolism, leading to hypertrophy and a gradual degradation
of cartilage tissue. So far, drug-based intervention in this process has
shown limited progress. We propose to construct a mathematical
model of the molecular network that governs key processes in articular
cartilage homeostasis. This model can be used as a platform for model
expansion by introduction of new experimental ﬁndings and
hypotheses.
Methods: We recently developed ANIMO (Analysis of Networks with
InteractiveModeling), an intuitive software tool for modelingmolecular
networks. Here, we demonstrate a mathematical model of growth plate
cartilage using a combination of literature and experimental data. We
show how ANIMO allows for intuitive exploration of the model, despite
the size and complexity of the model.
Results: We constructed a network model of regulatory processes in
growth plate chondrocytes. In this model the effects downstream of
extracellular growth factors FGF, WNT, IGF-1, PTHrP, Ihh, BMP, and TGF-
b are integrated into a cellular response (Figure 1). In silico experiments
predict the phenotypic outcome for different inputs and starting states
of the model.
Osteoarthritic chondrocytes and hypertrophic growth plate chon-
drocytes show strong parallels in their gene expression proﬁle. We have
examined the gene expression proﬁles of growth plate and articular
cartilage. In articular cartilage the expression of the WNT and BMP
antagonists DKK1, FRZB and GREM1 is over 10-500 fold higher than in
growth plate cartilage. This leads us to think that DKK1, FRZB, GREM1
could act as gatekeepers for preventing hypertrophy. We are currently
investigating the range of conditions under which these proteins exert
their stabilizing effect on the articular cartilage phenotype in the model.
Furthermore, we are interrogating the model to obtain in silico leads to
targets for novel combination therapies. Such therapies could be used to
intervene in the osteoarthritic state of the network and restore the
balanced situation of healthy cartilage.
Conclusions: Traditionally, modeling efforts in the realm of molecular
cell biology have been the exclusive domain of researchers with
a thorough training in mathematics or computer science. We show here
that a complex model that is intuitively amenable to exploration and
adaptation by biologists is an invaluable asset in cartilage research.
Expansion of an existing model with DKK1, FRZB and GREM1 provided
evidence for their role in preserving the articular cartilage phenotype.220
SCLEROSTIN REGULATES CHONDROCYTE METABOLISM THROUGH
SIMULTANEOUS INHIBITION OF b-CATENIN DEPENDENT AND
INDEPENDENT PATHWAYS
W. Bouaziz y, T. Funck-Brentano y,z, H. Lin y, E. Hay y, M. Cohen-
Solal y,z. y INSERM606, Paris, France; zDept. of Rheumatology Lariboisière
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Aim: Wnt/b-catenin pathway modulates cartilage maintenance in
osteoarthritis (OA). We have previously shown that Sclerostin preserves
chondrocyte maintenance by reducing chondrocyte catabolism and
hypertrophy through the inhibition of Wnt/b-catenin pathway. Because
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S124Sclerostin failed to restore the expression of the anabolic genes, we
investigated the effect of Sclerostin on the activation of Wnt non
canonical pathways mediated by Ca2+/CaMKII, JNK and PKC proteins.
Methods: Primary murine chondrocytes were cultured with or without
Wnt3a conditioned media and in the presence or absence of recombi-
nant Sclerostin. Activation of Ca2+/CaMKII, JNK and PKC pathways was
analyzed by Western blotting. The role of the activation of JNK and PKC
pathways in the chondrocyte phenotype was investigated using
SP600125 and Staurosporin inhibitors respectively. Chondrocyte
differentiation was investigated by RT-qPCR through the relative
expression of type II and X collagen, Sox9, Aggrecan, MMP-3 & 13 and
ADAMTS-4&5 genes and by Western blotting through the protein
expression of ADAMTS-4 & 5 and type X Collagen Alcian blue staining
and spectrophotometric quantiﬁcation was also used for analyzing the
accumulation of highly sulphated GAG. .
Results: Wnt3a increased the gene expression of metalloproteinases
such as Adamts-4 & 5 MMP3, 13 and type X collagen. This effect was
totally abolished in the presence of Sclerostin. In the other hand, Scle-
rostin restored partially the expression of type II Collagen, Sox9 and
Aggrecan inhibited by Wnt3a. Because of the partial effect of Sclerostin
on the anabolic genes, we assessed whether Wnt3a activates b-catenin
independent pathways such as JNK, PKC and CaMKbII. Wnt3A promoted
the phosphorylation of JNK and PKC without affecting CaMKbII
phsphorylation. Moreover, Sclerostin inhibited the phosphorylation of
JNK but not that of PKC. We further investigated whether Sclerostin-
induced inhibition of JNK affects chondrocyte function. We found that
Wnt3a decreased the accumulation of highly sulphated GAG while
Sclerostin failed in rescuing their amount. Interestingly, Sclerostin was
able to rescue the accumulation of highly sulphated GAG and the
expression of the anabolic genes when JNK pathway is inhibited by
SP600125.
Conclusions: We here showed that Wnt3a inhibits the expression of
the anabolic genes by activating the non-canonical JNK pathways in
chondrocytes. Sclerostin reduced the Wnt-induced activation of JNK
pathway. These results show that Sclerostin may play a role in the
anabolic activity of chondrocytes.221
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Purpose: Osteoarthritis (OA) is a multifactorial disease characterized
by loss of articular cartilage. TGFb is considered as a protective factor
against cartilage loss in young cartilage by inducing Smad2/3 phos-
phorylation via the TGFb receptor ALK5. Smad2/3 phosphorylation
(Smad2/3P) lowers MMP13 expression, and prevents deleterious
terminal differentiation of chondrocytes. In contrast to Smad2/3P,
Smad1/5 phosphorylation, induced by BMPs but also by TGFb, is
linked to terminal differentiation and MMP13 production. Type I
receptors that phosphorylate Smad1/5/8 include ALK1 and ALK3.
BMP-9 signals via ALK1 and BMP-2 via ALK3, and both ligands
induce enhanced glycosaminoglycan synthesis in young cartilage.
BMP2 is induced in damaged cartilage while BMP9 is constitutively
present in high concentrations in body ﬂuids. If and how these
factors modulate chondroprotective TGFb signaling is still unclear.
Therefore, we analyzed BMP-2 and BMP-9 induced Smad signaling
and gene expression in chondrocytes, and studied their interaction
with TGFb.
Methods: Primary bovine chondrocytes, isolated from the meta-
carpophalangeal joint of 2 year old animals, or the human G6 chon-
drocyte cell line were cultured to near conﬂuency and incubated with
TGFb1, BMP-2, BMP-9 or a combination thereof. Smad phosphoryla-
tion kinetics were analyzed by speciﬁc Smad2p and Smad1/5p
staining of Western blots. Expression patterns of Smad speciﬁc
response genes: PAI-1 (Smad3 signaling), and ID-1, (Smad1/5
signaling) were analyzed from 0-48h by quantitative real time PCR
(qPCR). Biological activity was tested with a CAGA12-luc transcrip-
tional reporter construct that produces luciferase in response to
Smad3 signaling. Adenovirally transduced cells (MOI ¼ 5) were serumstarved for 8h, and stimulated with growth factors for 20h, and
luciferase activity was measured.
Results: In primary chondrocytes, both BMP-2 and BMP-9 potently
induced Smad1/5 phosphorylation, which peeked after 1 h and lasted
up to 3 h. BMP-9 wasmore potent than BMP-2 in inducing Smad1/5p, as
a lower dose of BMP-9 (5 ng/ml BMP-9 versus 15 ng/ml BMP-2) was
required to induce maximal phosphorylation after 60 min. Remarkably
BMP-9 (5 ng/ml or more) was also capable of inducing Smad2 phos-
phorylation, whereas BMP-2 (up to 50 ng/ml) was not. BMP-9-induced
Smad2 phosphorylation lasted from 1 up to 3 hours. Moreover, in
contrast to BMP-2, BMP-9 was also able to rapidly (from 2 up to 24h)
induce PAI-1 transcription. Both growth factors potently induced ID-1
expression. Strikingly, co-stimulation of primary chondrocytes with
TGFb (1 ng/ml) and these BMPs revealed an even more remarkable
difference between both factors on Western blot. BMP-2 was able to
dose-dependently (15-50 ng/ml) inhibit TGFb-induced Smad2 phos-
phorylation. On the contrary, BMP-9 dose-dependently (5-25 ng/ml)
synergized with TGFb on Smad2/3 phosphorylation. These results were
reﬂected in biological activity, as luciferase productionwas increased by
50% after co-stimulation of chondrocytes with BMP-9 and TGFb
compared to TGFb alone (p<0.01).
Conclusions: In young cartilage, both BMPs show a distinct differ-
ence in Smad phosphorylation and interaction with TGFb. Although
both BMPs promote matrix synthesis (Glycosaminoglycans produc-
tion), long term effects of both factors on cartilage will most likely
differ due to their different effects on chondroprotective Smad2/3
signaling.222
IN SITU CALCIUM SIGNALING OF CHONDROCYTES UNDER SERUM-
FREE AND SERUM CULTURE
Y. Zhou, L. Resutek, L. Wang, X. Lu. Univ. of Delaware, Newark, DE, USA
Purpose: Previous research has shown that serum-free medium can
maintain the mechanical properties of cartilage allografts better than
serum supplemented medium. However, little is known about this
beneﬁcial mechanism at a cellular level. Intracellular calcium ([Ca2+]i)
signaling, one of the earliest responses in chondrocytes under
mechanical stimulation, can regulate the differentiation and metabo-
lism of cells. Therefore, we hypothesized that the beneﬁcial mecha-
nisms of serum-free culture could be reﬂected by the spatiotemporal
properties of [Ca2+]i signaling of chondrocytes. We aimed to: (i) record,
analyze and compare the in situ spontaneous [Ca2+]i responses of
chondrocytes cultured in serum-free and serum medium, and (ii)
compare the biomechanical properties of cartilage explants under two
culture conditions.
Methods: Cylindrical cartilage allografts were harvested from femoral
condyle head of calf knee joints. Superﬁcial zone of the cartilage
(2mm in thickness) were cultured in either serum medium
(DMEM+10% FBS) or serum-free medium (Bian L., et al., 2008) for 1
month. Spontaneous [Ca2+]i responses and mechanical properties
were recorded at day 2, 8, 15, and 29. After cartilage allograft was cut
into identical halves and dyed with Fluo-8 AM, calcium images were
recorded with a confocal microscope (Fig. 1A). Spatiotemporal
parameters of the [Ca2+]i spikes were extracted by imaging processing.
The dynamic modulus of allografts was tested at 0.5 Hz and 1% strain
with unconﬁned compression.
Results: A typical ﬂuorescent image of in situ chondrocytes is shown in
Fig. 1B. Responsive percentage of cells in serum culture decreased with
culture time, while the serum-free group showed no statistical differ-
ence within 1 month (Fig. 2A). Average magnitude of [Ca2+]i peaks (Fig.
3A) in serum-free group was lower than that in serum group at day 2
but signiﬁcantly higher afterwards. Average number of [Ca2+]i peaks for
responsive cells in serum-free group was signiﬁcantly lower than that
in serum group at day 2, but higher after day 15 (Fig. 2B). Time interval
between two neighboring peaks is signiﬁcantly longer in serum group
at day 29 (Fig. 3D). Peak relaxation time is slightly longer in serum-free
group at day 1, but shorter after day 8 (Fig. 3C). Dynamic modulus of
explants in serum-free group was signiﬁcantly higher than those in
serum group after day 8.
Conclusions: 1) At day 2, more chondrocytes in serum culture medium
showed spontaneous [Ca2+]i peaks, with higher magnitudes and faster
responsive speed than those in serum-free medium. However, this
trend turned opposite after 8-day culture. 2) Serum culture beneﬁts the
